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in liver. Proportions of saturated fatty acids varied irregularly 
in the lipids of the liver from both wild and farmed Catla catla. 
Saturated fatty acids C12:0, C14:0, C16:0, C18:0, C20:0 and 
C22:0 were identified with considerable percentages in the 
liver of Catla catla from both habitats and monounsaturated 
fatty acid C18:1 was found in considerable amounts in the 
liver of both major carp. Polyunsaturated fatty acids such 
as C18:3 (n-6) and C20: 2 (n-6) were detected in the liver of 
the wild fish of W2 and W3 and was similar in the W3 weight 
category of the farmed species.
KEY-WORDS:  Catla catla farmed – Catla catla wild 
– Lipids – Liver – Moisture – Polyunsaturated fatty acids – 
Saturated fatty acids - Weight category.
1. INTRODUCTION
Fish has been recognized as an excellent 
food source for human beings for centuries and is 
preferred as a perfect diet not only due to its 
excellent taste and high digestibility but also because 
of having higher proportions of unsaturated fatty acids, 
essential amino acids and minerals for the formation 
of functional and structural proteins (Anonymous, 
2003; Kumar, 1992). Fish oil contains essential 
fatty acids, essential to the maintenance of cell 
membrane structure throughout the body and people 
who consume more fish containing n-3 fatty acids 
consistently have lower incidence of heart disease 
(Kromhout et al., 1985). Lipids are generally regarded 
as the most important constituent that determine the 
quality of fish meat (Caulton and Bursell, 1977; Love 
et al., 1984). The total lipid and ash contents of fish 
are reported to vary significantly with gradual increase 
in the weight and length of the fish and also due to 
seasonal changes aside from the available nutrients 
in varied habitats. Similar comparisons regarding the 
percent fat and ash contents of Oreochromis niloticus 
can be found in literature reports (Al-Asgah, 1992). 
Literature reports reveal that the lipid contents in the 
liver of Sciaenops ocellatus varied from 7.4 - 30.2% 
of wet weight from November to August (Craig et al., 
2000). Selected marine fish in Malaysian waters are 
reported to contain less than 6% lipids, 37.1-49.1% 
cholesterol, 29.7-48.4% n-3 polyunsaturated fatty 
acids and 3.63-11.4% saturated fatty acids (Osman 
et al., 2001). 
RESUMEN
Lípidos totales y perfil de ácidos grasos de hígado 
de pescado catla catla salvajes y criados
Este trabajo experimental tiene como objetivo estudiar el 
contenido de humedad, lípidos totales y perfil de ácidos gra-
sos de hígado de carpa de agua dulce Catla catla de tres 
categorías con peso diferentes designadas como W1 (601-
900g), W2 (901-1200)g and W3 (1201-1500g). Siete muestras 
de pescados por cada una de las tres categorías de peso 
para Catla catla salvajes y criados fueron obtenidos de Trimu 
Head, Jhang and Fish Hatchery, Satiana Road y Faisalabad, 
respectivamente. Los pescados fueron diseccionados para 
obtener el hígado y las muestras de hígado fueron prepara-
das y sujetas a análisis químico. Catla catla salvaje tuvo un 
contenido de humedad significativamente mayor (p  0.05) 
en comparación con las especies criadas. En Catla catla 
criadas se depositaron mayores contenidos de lípidos en el 
hígado. La proporción de ácidos grasos saturados vario irre-
gularmente en los lípidos del hígado de Catla catla salvajes y 
criados. Los ácidos grasos saturados C12:0, C14:0, C16:0, 
C18:0, C20:0 y C22:0 fueron identificados en un alto porcen-
taje en hígados de Catla catla procedentes de ambos hábitat 
y el ácido graso monoinsaturado C18:1 fue encontrado en 
una cantidad considerable en el hígado de ambas carpas. 
Los ácidos grasos poliinsaturados tales como C18:3 (n-6) y 
C20: 2 (n-6) fueron detectados en el hígado de pescados sal-
vajes W2 y W3, así como en la misma categoría de peso W3 
de especies criadas.
PALABAS CLAVE: Ácidos grasos poliinsaturados – Áci-
dos grasos saturados – Catla catla salvaje – Catla catla cria-
do – Categoría por peso – Hígado – Humedad – Lípidos.
SUMMARY
Total lipids and fatty acid profile in the liver of wild 
and farmed catla catla fish
This experimental work was aimed to study the moisture 
content, total lipids and fatty acid profile in the liver of wild and 
farmed freshwater major carp Catla catla of three different 
weight categories designated as W1 (601-900g), W2 (901-
1200)g and W3 (1201-1500g). Seven fish specimens of each 
of the three weight categories of wild and farmed Catla catla 
were obtained from Trimu Head, Jhang and Fish Hatchery, 
Satiana Road and Faisalabad, respectively. The fish were 
dissected to remove the liver and after weighing, liver samples 
were prepared and subjected to chemical analysis. Wild 
Catla catla liver had a significantly (p  0.05) higher moisture 
content as compared to the farmed species. Farmed Catla 
catla deposited significantly (p  0.05) higher lipid contents 
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sample were extracted using a Soxhlet apparatus 
and n-hexane as solvent. Each sample was made 
moisture free with Na2SO4. The solvent was distilled 
off under reduced pressure using a rotary evaporator 
(EYELA, Rotary Vacuum Evaporator, N.N. Series, 
equipped with an Aspirator and a Digital Water Bath 
SB-651, Japan) according to the standard method 
and stored under refrigeration (4 °C) until used for 
further analysis (Perumal and Becker, 2003; AOAC, 
1990).
2.4. Fatty acid analysis
Fatty acid methyl esters (FAME) of each lipid sample 
were prepared according to the standard method 
described by the Association of Official Analytical 
Chemists (AOAC, 1990). FAME were separated, 
identified and quantified by gas liquid chromatography, 
Perkin-Elmer Model Column (glass) 3920 2m  2mm 
packed with 20% DEGS on chromosorb W equipped 
with FID detection and temperature programming at 
200 °C injector, 190 °C column and 250 °C detector; 
20 psi H2, 50 psi air with 0.2 µL injection with 1.0 µL (SGE) syringe. Individual methyl esters were identified 
by comparison to known standards obtained from E. 
Merck and Sigma-Aldrich Chemical Co. (St. Louis, 
MO). 
2.5.  Statistical analysis
The data obtained was analyzed using the 
ANOVA statistical technique by computer following 
the Minitab Package (SAS, 1995).
3.  RESULTS AND DISCUSSION
An experiment was performed to study the 
percentage of moisture, total lipids and fatty acid 
profile in the liver from wild and farmed freshwater 
major carp, Catla catla, of three different weight 
categories designated as W1, W2 and W3. The data 
recorded through physical and chemical analyses 
were subjected to a statistical analysis which 
showed significant variations in moisture contents, 
total lipids content and the deposition of fatty acids 
in the liver of wild and farmed freshwater major 
carp Catla catla under all three weight categories. 
3.1. Moisture contents
Mean moisture contents in the liver from wild 
and farmed Catla catla, were recorded under three 
different weight categories designated as W1, W2 
and W3 (Table 1). Duncan’s Multiple Range test 
revealed that the differences among the three 
weight categories of both wild and farmed Catla 
catla were significant (p  0.05). The liver of the 
wild fish showed maximum moisture percentage 
under weight category W1 closely followed by 
farmed fish of the same weight category. Regarding 
the overall performance, the wild Catla catla 
A number of literature reports are available 
regarding the lipid contents of the palatable parts of 
fish but the comprehensive information pertaining 
to fatty acid profile of the liver and other visceral 
organs of indigenous major exotic carps is scarce. 
Liver and other visceral organs are taken out and 
discarded during the dressing of fish and this could 
mean the loss of important biochemical compounds 
of vital importance to the animal feed industry. 
The present work was aimed to compare the lipid 
contents and fatty acid profile of the liver from both 
wild and farmed Catla catla fish of three different 
weight categories so that the information about 
lipids and fatty acid profile of the liver of Catla catla 
fish could be useful for food technologists in feed 
formulations for livestock. In addition, the liver of 
the Catla catla fish could be a vital source of some 
fatty acids to maintain human health.
2. MATERIALS AND METHODS
Freshwater major carp Catla catla (Thela), from 
both wild and farmed habitats, were analyzed for 
the estimation of total lipids and fatty acid profile of 
its liver.
2.1. Source of fish
A total of 21 wild Catla catla fish of three different 
weight categories designated as W1 (601-900g), W2 (901-1200g) and W3 (1201-1500g) were captured with 
the help of gill net, during non-spawning season, from 
Trimu Head, Jhang (95 km away from Faisalabad) 
and transported live to Fisheries Research Laboratory, 
Department of Zoology, GC University, Faisalabad. 
Similarly, 21 farmed Catla catla fish of three different 
weight categories W1, W2 and W3 were obtained during 
non-spawning period from the fish Hatchery, Satiana 
Road, Faisalabad and transported live to the Fisheries 
Research Laboratory, Department of Zoology, GC 
University, Faisalabad.
2.2.  Preparation of fish samples for analysis
All the fish specimens were rinsed out in 
running dechlorinated tap water for two days, 
thereby facilitating the emptying and removal of 
stomach contents. Later on, the fish were sterilized, 
blotted dry with paper towels and then weighed on 
an electric balance. Each fish was given a vertical 
cut from the ventral side and the liver was taken out 
of the dissected fish.
2.3.  Estimation of moisture and lipid contents 
Each sample of liver was minced and 
immediately oven-dried (65°-70°C) for 24 hours. The 
dried sample was weighed on an electric balance 
and the moisture content of each sample was 
calculated by standard method (AOAC, 1990). The 
total lipid contents of each pre-weighed duplicated 
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farmed Catla catla accumulated a significantly (p  
0.05) higher amount of lipids in the liver than the wild 
species and this may be attributed to differences 
in their feeding habits. The wild fish has to make 
strenuous efforts in foraging food organisms, for 
which more fats are consumed to supply energy and 
consequently, the deposition of fat in the body of the 
wild fish species is comparatively lower (Mahboob, 
1992; Hassan, 1996). Literature reports also reveal 
that the lipid contents in the fish body are also 
affected by environmental and nutritional conditions 
(Polvi and Ackman, 1992). The total lipid content 
was found to have a direct relationship with body 
weight of wild and farmed Catla catla. It was noted 
that mean percentage values of moisture decreased 
in the liver with an increase of body weight both in 
wild and farmed Catla catla while total lipid contents 
increased in the liver with an increase in body weight 
of the fish species in both habitats. The data reflects 
that the moisture contents in the liver from wild and 
farmed Catla catla decreased with a corresponding 
increase in total lipid contents and vice versa. 
3.3. Fatty acid composition in liver
In the present investigation, the fatty acid 
compositions determined by GC analysis of liver 
lipid from wild and farmed Catla catla have been 
presented in Tables 3-4. It was observed that the 
fatty acid composition of total lipids varied greatly in 
the liver under all three weight categories of wild and 
farmed Catla catla fish. The body weight of the fish, 
both from wild and farmed habitats influenced the 
composition of fatty acids in the liver lipid significantly 
(p  0.05). In theses findings, no specific pattern of 
variations in fatty acid composition was observed in 
the liver of wild or farmed fish. 
showed significantly (p  0.05) higher moisture 
contents in liver as compared to that of farmed 
fish. It was observed that the moisture content in 
the liver decreased with increasing body weight 
of the fish as recorded for the wild as well as the 
farmed habitat. The statistical analysis showed that 
the wild Catla catla deposited significantly higher (p 
 0.05) water contents as compared to the farmed 
fish species. This increased water contents in the 
liver of wild Catla catla in all three weight categories 
were due to decreasing fats and protein contents 
in the fish body that may be attributed to more 
physical efforts performed by the wild fish species 
to capture food organisms in the natural habitat than 
the farmed fish which has plenty of food supply in 
the well-fertilized ponds. The findings of the present 
study are in close agreement with the lines reported 
by Srikanth et al., (1989) who described that in the 
flesh of Cyprinus caprio, moisture and ash contents 
decreased with an increase in fats and protein 
contents and vice versa.
3.2. Lipid contents
Total lipid contents in the liver from wild and 
farmed Catla catla are recorded under three weight 
categories in table 2. Duncan’s Multiple Range 
test showed that lipid percentages among all three 
different weight categories of Catla catla differed
 
significantly (p  0.05). Lipids are generally regarded 
as the most important constituent used to evaluate 
the quality of fish meat (Caulton and Bursell, 1977; 
Love et al., 1984). In the present experiment, 
concentrations of lipids in the liver varied from 3.32 
 0.06 - 5.91  0.01% in wild Catla catla and 4.72 
 0.07 - 7.43  0.12% in the farmed fish species. 
The lipid contents in the liver showed an increasing 
trend with increased body weight of the fish. The 
Table 1
Moisture contents (%) in liver from wild and farmed Catla catla
Weight 
Categories
Wild Fish 
(Mean  SE)
Farmed Fish 
(Mean  SE) (Mean  SE)
W1
W2
W3
Mean  SE
76.45  2.10 a 
73.07  2.22 b 
69.43  1.30 c 
72.98  1.37 b 
75.43  2.01 a 
68.13  1.80 a 
61.47  1.40 a 
68.34  1.51 a
75.94  1.81 a
70.60  2.00 b
65.45  1.92 a
Means with different letters in the same row are signifi cantly different at (p  0.05). 
SE  Standard error, W1 (601-900g), W2 (901-1200g), W3 (1201-1500g).
Table 2
Total lipid contents (%) in liver from wild and farmed Catla catla
Weight 
Categories
Wild Fish
(Mean  SE)
Farmed Fish
(Mean  SE) (Mean  SE)
W1
W2
W3
Mean  SE
3.32  0.06 a 
4.58  0.07 b 
5.91  0.01 c 
4.60  0.24 b
4.72  0.07 c
6.41  0.06 c
7.43  0.12 c
6.18  0.25 b
4.02  0.19 b
5.49  0.25 b
6.67  0.22 b
Means with different letters in the same row are signifi cantly different at (p  0.05). SE  
Standard error, W1 (601-900g), W2 (901-1200g), W3 (1201-1500g).
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lipids of marine Eusphyra blochii and Carcharhinus 
bleekeri. These contradictions could be ascribed 
to differences in fish species and habitats in the 
present investigation. 
In mono-unsaturated fatty acids, C18:1 fatty 
acid was observed in the highest concentration 
and ranged from 26.89  0.90 - 30.69  1.37 
and 28.75  0.94 - 31.19  1.09 % in the liver 
lipids of wild and farmed Catla catla, respectively. 
Its concentration seemed to increase with body 
weight in the farmed species but not significantly 
(p  0.05). Our findings regarding the C18:1 fatty 
acid are almost comparable with the concentration 
reported by Saify et al., (2003) for the same fatty 
acid in the liver lipids of marine Eusphyra blochii 
and Carcharhinus bleekeri. 
The variations in polyunsaturated fatty acids 
(PUFA) were evident in the liver lipids of wild and 
farmed Catla catla and are presented in tables 3 
Table 4
Fatty acids profi le (%) in liver from farmed Catla catla
Fatty Acids W1 W2 W3
Saturated Fatty Acids
C12:0
C14:0
C16:0
C18:0
C20:0
C22:0
01.18  0.05 a
00.55  0.04 b
35.57  1.09 a
10.15  0.89 c
02.80  0.13 a
01.78  0.05 a
01.62  0.09 b
00.32  0.07 a
41.89  2.19 b
07.07  0.35 b
02.71  0.17 a
02.38  0.03 b
01.77  0.09 b
00.82  0.06 c
46.81  2.51 c
00.95  0.07 a
02.78  0.19 a
02.65  0.09 c
Unsaturated Fatty Acids
C18:1
C18:3
C18:3(n-6)
C20:2(n-6)
C20:5(n-3)
C22:4(n-6)
28.75  0.94 a
01.52  0.05 b
00.33 0.07 a
–
–
–
29.33  1.00 a
01.38  0.06 a
00.53 0.06 b
00.20 0.03 a
–
–
31.19  1.09 b
01.72  0.08 c
00.91  0.10 c
00.69  0.01 b
00.59  0.02
00.79  0.11
Values with different letters in the same row present signifi cant differences a t (p  0.05). 
W1 (601-900g), W2 (901-1200g), W3 (1201-1500g).
Table 3
Fatty acids profi le (%) in liver from wild Catla catla
Fatty Acids W1 W2 W3
Saturated Fatty Acids 
C12:0
C14:0
C16:0
C18:0
C20:0
C22:0
01.47  0.30 a
01.81  0.12 b
42.10  1.75 a
02.80  0.95 b
00.76  0.07 a
00.23 0.03 a
01.40  0.05 a
01.10  0.13 a
45.03  3.23 ab
02.20  0.38 b
00.95  0.26 b
00.80  0.03 b
01.05  0.12 a
00.98  0.19 a
48.50  1.64 b
01.09  0.74 a
00.95  0.08 b
01.08  0.01 c
Unsaturated Fatty Acids
C18:1
C18:3
C18:3(n-6)
C20:2(n-6)
C20:5(n-3)
C22:4(n-6)
26.89  0.90 a
03.49  0.28 c
00.39  0.03 a
–
–
–
30.50  0.98 b
02.60  0.31 b
00.87  0.08 c
00.80  0.04 b
–
–
30.69  1.37 b
01.89  0.15 a
00.45  0.07 b
00.50  0.03 a
00.25  0.02 
00.73  0.05
Values with different letters in the same row present signifi cant differences a t (p  0.05). 
W1 (601-900g), W2 (901-1200g), W3 (1201-1500g).
It was observed that the concentrations of 
C12:0 and C14:0 saturated fatty acids were found 
to decrease with the increasing weight of fish in the 
farmed species, whereas this relation was found 
inverse in the case of the wild species. Saturated 
fatty acid C16:0, observed as a major constituent 
of liver lipid, showed an increasing trend with the 
increase in body weight of the fish in both habitats 
in a significant (p  0.05) manner. The saturated 
fatty acids C20:0, C22:0 also showed an increasing 
trend with body weight while C18:0 decreased 
with increasing body weight in both environments, 
although not significantly (p  0.05). The findings 
of the present experiment contradict the results 
declared by Tabassum (2003) who reported a 
higher concentration of C18:0 in the liver lipid of 
Cyprinus carpio. Our findings are also not in close 
agreement with the results reported by Saify et 
al., (2003) for the saturated fatty aids in the liver 
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and 4. Polyunsaturated fatty acid (PUFA) C20:5 (n-
3) was estimated to be 0.59  0.02% in the liver of 
farmed and 0.25  0.02% in wild Catla catla of W3 
weight category, while in other weight categories, 
C20:5 (n-3) remained unidentified. PUFA C18:3 
(n-6) was found in the liver lipids from both wild 
and farmed Catla catla in the range of 0.39-0.45 
and 0.33-0.91%, respectively. Its increasing trend 
in concentration was regular with increasing body 
weight in the liver lipid of farmed Catla catla but 
irregular in the other habitat. PUFA C20:2 (n-6) 
was observed in the W2 and W3 weight categories 
in both habitats of Catla catla fish whereas C22:4 
(n-6) was observed in W3 category only. Overall, 
the identified PUFA were found in comparable 
concentrations with those reported by Saify et al., 
(2003) for the same fatty acids in the liver lipids 
of marine Eusphyra blochii and Carcharhinus 
bleekeri. The results of the present investigation 
are also in line with those described by Kiessting 
et al. (2001). Even in low concentrations, these 
polyunsaturated fatty acids are an important 
group of lipid metabolism and are bases for the 
formation of arachidonic acid C20:4 (n-6) and 
eicosapentaenoic acid 20:5 (n-3), precursors for 
eicosanoic acid and the relative levels of these two 
fatty acids have profound effect on the formation 
of very active substances metabolically (Sargent 
et al., 1995). Polyunsaturated fatty acids (PUFA 
n-6) which dominate structural lipids and, like 
monoenes, are highly affected by factors such 
as lipid contents, growth levels and body weight.
Particularly as precursor fatty acids to eicosanoids 
and arachidonic acid, PUFA (n-
 
6) are metabolized 
from adipose tissues (Voss et al., 1991; Sargent et 
al. 1995; Wouters et al., 2001).
4. CONCLUSIONS
From the present study, it is concluded that 
the liver of both wild and farmed Catla catla fish 
species is a good source of lipids and important 
saturated and unsaturated fatty acids. Hence, the 
liver of Catla catla fish could be used in the human 
diet or as supplementary food for other animals 
as it is an excellent source of good quality fatty 
acids, especially PUFA under higher body weights. 
The liver of Catla catla from both farmed and 
wild species can provide a good source of lipids 
and fatty acids and should be used in different 
commodities of animal feeds. Therefore, this study 
is valuable for dieticians. 
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